C atheter ablation with open-irrigated radiofrequency catheters is an established therapy for drug-refractory atrial fibrillation. 1 The catheters are commonly used because they reduce thrombus formation and steam pops. 2, 3 However, left atrial procedures, even with open irrigation, are associated with a higher prevalence of embolic complications (stroke, transient ischemic attack, asymptomatic cerebral embolism [ACE] , and decline in cognitive function). 4, 5 ACE lesions can occur during left atrial ablation procedures and have been attributed to microemboli formation. They are considered the largest complication of pulmonary vein isolation procedures. Understanding the parts of the ablation procedure associated with microemboli formation will help us develop strategies to reduce stroke and ACE.
See Article by Takami et al
The report of ACE lesions imaged with diffusion-weighted magnetic resonance imaging after catheter ablation of atrial fibrillation led investigators to determine ways to reduce risk and improve safety of this procedure. 6 Ablation with a multielectrode radiofrequency catheter was noted to increase the risk of ACE by 1.5× over irrigated catheters and cryoballoon ablation. 7 In 2013, the effects of embolizing pure gas microbubbles and small microparticles (coagulated blood) were studied in a series of animal studies. 8, 9 The pathogenesis of ACE was elucidated and attributed to microbubbles and microembolic particle debris. 8, 9 Microemboli was clearly associated with acute ischemic lesions detected by diffusion-weighted magnetic resonance imaging. 9 Thrombus, gas bubbles, and coagulum can be introduced into the left atrium during catheter ablation. 10 However, it is not known which part of the procedure during left atrial ablation is most strongly associated with microbubble and microparticle formation. It is clear that to mitigate the risk of microemboli formation during ablation procedures, we must understand all the factors that can contribute to it.
In this issue of Circulation Arrhythmia and Electrophysiology, Takami et al 11 report which parts of the procedure during left atrial ablation are related to microbubble and microparticle formation. They elegantly characterize a series of procedures using open-irrigated radiofrequency catheters to determine the sequelae of left atrial radiofrequency ablations of pulmonary vein isolation.
The nonirrigated catheters have been shown to commonly lead to bubble formation during the procedure and have been mostly replaced by the open-irrigated systems. 12 Takami et al 11 describe how the formation of microbubbles was the greatest during fast saline/contrast injections and steam pops. Highpower radiofrequency applications, drag ablation, and steam pops produced most of the microparticles. They kept the activated clotting time >300 s at the time of transseptal procedure. However, they still noted that most microembolic signals were seen at the time of crossing the atrial septum.
The main findings of the study suggest that sheath/catheter manipulation, especially rapid saline/contrast injections, produce many microbubbles. Injections and sheath flushes should be done at slow speed, significantly reducing microbubble/ microemboli volume. Keeping the activated clotting time >350 s seems to minimize microparticles (coagulum, thrombus, and tissue) in the filter. Strict adherence to an anticoagulation protocol significantly reduces the prevalence of ACE after catheter ablation using open-irrigated catheter. 13 However, keeping activated clotting time >250 s was not able to eliminate silent microembolism, therefore, the current higher activated clotting time recommendations. 14 Most microparticles are seen during point-by-point ablation using 50 W, drag ablations with 30 to 50 W, and ablations with steam pops. Steam pops are caused by intramyocardial tissue overheating and can create pieces of tissue that are then carried away by the bloodstream. The steam pops clearly produce the most microbubbles and microparticles. There is a need to minimize steam pop events during left atrial procedures. Therefore, most electrophysiologists are using lower power settings and shorter durations to deliver lesions.
Identification of left atrial thrombus is possible with intracardiac echocardiogram. 15 It seems evident that the recommendation of intraprocedural monitoring of left atrial microbubble formation using intracardiac echocardiogram may reduce complications associated with atrial fibrillation ablation. 12 All left atrial procedures performed with irrigated radiofrequency catheters may benefit from this simple recommendation. Minimizing procedure time and manipulation in the left atrium are necessary to further reduce the thromboembolic risk. 14 There are obvious limitations from using an animal model and how to translate that knowledge into clinical practice. The contact force, interface area between the tip and tissue, orientation, and blood around the catheter may play some role in microemboli formation but were difficult to evaluate during the experimental procedures.
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Mitigating the Risk of Microemboli During Ablation
Extra care should be taken in patients prone to left atrial thrombus formation, such as patients with spontaneous echo contrast, increased left atrial diameter, and persistent rather than paroxysmal atrial fibrillation. Microemboli can be detected by transcranial Doppler in patients with atrial fibrillation but is difficult to implement into clinical practice. 16 ACE lesions either from catheter ablation or from permanent atrial fibrillation have also been implicated in cognitive decline and may lead to dementia. 5 It is imperative that procedures be performed in an effective fashion while minimizing the risk of ACE, stroke, and decline in cognitive function.
The results of Takami et al 11 will benefit all those who perform this procedure. It provides us with useful strategies to mitigate microemboli formation and hopefully reduce ACE and stroke.
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